Analysis and Comparison on Wind Load of Long Span Girder Bridges with High Pier  by Zheng-wei, Ye et al.
Procedia Environmental Sciences 11 (2011) 322 – 327
doi:10.1016/j.proenv.2011.12.051
Available online at www.sciencedirect.com
 
Available online at www.sciencedirect.com
 
Procedia 
Environmental 
Sciences Procedia Environmental Sciences  00 (2011) 000–000 
www.elsevier.com/locate/procedia
 
Analysis and Comparison on Wind Load of Long Span Girder 
Bridges with High Pier 
Ye Zheng-wei1, Xiang Yi-qiang1,a, Ye Zheng-wei2,b * 
1College of Civil engineering and Architecture,Zijingang Campus, Zhejiang University,310058 
Hangzhou, China 
2Shaanxi Highway Transport consulting CO.LTD ,Xi’an,  China 
ae-mail: xiangyiq@ziu.edu.cn ,be-mail: yezhengwei@126.com  
 
Abstract 
According to "General code for design of highway bridges and culverts" (JTG D60-2004), "Wind-resistent design specification for 
highway bridges" (JTG/T D60-01-2004) and "Load code for the design of building structures" (GB 50009-2001), the transverse 
direction wind load of long span girder bridge with high pier is calculated. Comparison of the wind load results obtained by 
different codes is completed under the situation of different terrain, pier height and girder length of bridge. The results show the 
difference of the wind load given by the three different codes exists. The wind load results predicated by "General code for design 
of highway bridges and culverts" is the largest compare with the results gained by other two methods. The results predicated by 
"Wind-resistent design specification for highway bridges" is less than results predicated by General code. While, the results 
predicated by "Load code for the design of building structures" is the smallest. The wind load calculated according to "Load code 
for the design of building structures" mainly depends on the experience parameters of architectural construction with larger 
dimensions, which has a poor applicability to the bridge structure. The effect of fluctuating wind’s inertia force of long span girder 
bridges with high pier can’t be neglected. The wind load results calculated by codes are generally smaller, it is better to determine 
the wind load internal force through a detailed buffeting analysis. 
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1.  Introduction 
With construction of expressways in mountainous areas, the amount of long span girder bridges with high pier 
becomes more and more. The wind load of transverse bridge has gradually becomes the major factor of control the 
design of bridges. The current Chinese codes involving wind load calculation of high pier and large span girder bridges 
are "General code for design of highway bridges and culverts"[1] (JTG D60-2004, hereinafter referred to as "General 
code"), "Wind-resistent design specification for highway bridges"[2] (JTG/T D60-01-2004, hereinafter referred to as 
"Wind-resistent specification") and "Load code for the design of building structures"[3] (GB 50009-2001, hereinafter 
referred to as "Load code"). The provisions of "General code" are relatively rough, such as the same gust factors for the 
terrain roughness A and B, the same gust factors for the terrain roughness C and D. It doesn’t consider other factors 
such as loading length reduction. it maybe has a greater error for high pier and large span girder bridges.  The provisions 
of "Wind-resistent specification" are relatively detailed, but it definitely provides that it only applies to cable stayed 
bridge with a main span of less than 800 meters and suspension bridge with a main span of less than 1,500 meters in the 
general provisions. For other types of bridges, it is only a reference. And this specification does not consider the inertial 
force of fluctuating wind. The provisions of "load code" are relatively detailed. It considers both the effect of inertial 
force of fluctuating wind and the horizontal and vertical loading length. However, this code is mainly used for tall 
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building. This paper focus on analyzing and comparing the difference of this three cods for the transverse direction wind 
load calculation of long span girder bridges with high pier. 
2. Calculation Formula in three chineses codes 
2.1. "General code" 
Calculation formula about wind load in General code (JTG D60-2004) follows as 
0 1 3wh d whF k k k W A=                                                                                                                                                      (1) 
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In formula (1), whF (kN) is the standard value of transverse direction wind load. 0k is the conversion coefficient for 
the designing return period of wind speed. For long span and super long span bridges with single-span index, 0k  is 1.0, 
for other bridge 0k is 0.9. When the bridge is under construction period it is 0.75. 1k  is the wind load resistance 
coefficient. 3k  is the coefficient of terrain and geographical conditions, 3k is 1.00 for general areas, 0.75~0.85 for 
intermountain basins or valleys, 1.20~1.40 for jaws of a gorge or mountain pass. whA  is the transverse frontal area, 
which is calculated according to the actual dimension of various parts of bridge structure. dW (kN/m2) is the design 
benchmark wind pressure, γ (kN/m3) is the air gravimetric density, z (m) is the height from ground or horizontal plane, 
g (9.81m/s2) is the acceleration of gravity, dV (m/s) is the design benchmark wind speed at the height of z . 2k  is the 
modified coefficient of wind speed changes with height, which is respectively 0.121.174( )
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 for the terrain roughness A, B, C and D. 5k is the gust factor, it is 1.38 for terrain roughness A and B, 
it is 1.70 for terrain roughness C and D. 10V (m/s) is the design benchmark wind speed for the bridge area, that is the 
average maximum wind speed for 10 minutes under the conditions of flat open ground, a terrain clearance of 10m and 
100-years return period. 
2.2. "Wind-resistent specification" 
Calculation formula about wind load in Wind-resistent specification (JTG/T D60-01-2004) is 
21 ( )
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Where 
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In formula (3), HF (N) is the transverse direction static gust load. ρ (kg/m3) is the air density, which is taken as 1.25. 
HC  is the resistance coefficient. ( )nH A (m2) is the transverse frontal area. gV  is wind speed of static gust. In which, 
vG is the static gust factor related to terrain roughness and horizontal loading length, zV  is the design wind speed when 
calculating at height z , dV is the design benchmark wind speed when calculating height is z , η  is the coefficient of 
wind speed return period, 1.0 for 100 years, 0.78 when construction period is less than 3 years. 1K  is the modified 
coefficient of wind speed change with height, 10V  is the design basic wind speed in the bridge site, the two values are 
the same with those of  "General Code". 
2.3. "Load Code"  
Calculation formula about wind load in Load code (GB 50009-2001) is 
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In formula (5), kw (kN/m2) is the standard value of wind load. sμ is the shape coefficient of wind load. zμ is the 
variational coefficient of wind pressure  with height. It is respectively  0.241.379( )
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 for terrain roughness of A, B, C and D. 20 0
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w Vρ= (kN/m2) is the basic wind pressure, 0V (m/s) is the 
average maximum wind speed for 10 minutes in the condition of flat open ground, a terrain clearance of 10m and a 
return period of 10, 50 or 100 years. 0.00011.25 Zeρ −= (kg/m3) is the air density. zβ is the wind fluttering coefficient at 
the height of z , in which ξ  is the fluctuating amplifying coefficient. It increases with the increase of 20 1w T . 1T is the 
structure’s first-order vibration period. ν is the fluctuating influence coefficient relative to the spatial correlation of 
wind pressure, which is related to the terrain roughness, structure height and width dimension. zφ is the coefficient of 
vibration mode, the first mode shape of high-rise structure is approximately 
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the total height of the structure[4]. 
2.4. Calculation principles and parameters comparison 
Natural wind can be decomposed into two parts of the average wind not changing with time and the fluctuating wind 
changing with time. The wind load acting on structure usually consists of the average wind effects, background effects 
and inertia effects (resonance effects) of fluctuating wind etc. three parts [5]~[7]. The calculation rule about wind load in 
the above three codes is basically the same. They are all multiplied by the coefficient of fluctuating wind on the basis of 
average wind effects. They all convert the wind speed into wind pressure, then multiplied by area, thus get the wind 
power. The basic wind speeds defined by the three codes are the same, they are all the average maximum wind speed 
for 10 minutes in the conditions of flat open ground, a terrain clearance of 10m and a certain return period. When 
converting wind speed into wind pressure, the air density used by the three codes is slightly different but little effect. 
When converting the wind pressure at a terrain clearance of 10m into the wind pressure of calculation height, although 
the calculation forms of the three standards are different, their parameters are actually the same. The "Load Code" 
reflects the transition from natural wind pressure to structure wind pressure by using of shape coefficient. The results 
are the average wind pressure of structure surface. While the "General code" and “Wind-resistent specification” directly 
converts the natural wind pressure into the wind power of structure by using of resistance coefficient, which is in fact 
the same but different form. The biggest difference of the three codes lies in the amendment of fluctuating wind on 
average wind effects. The "General Code" only gives the gust factor, which is 1.38 for the terrain roughness A and B, 
and 1.70 for C and D. but it doesn’t take into account the effect of loading length and inertia force of fluctuating wind. 
“Wind-resistent specification” gives the static gust factor to take account of the effect of terrain roughness and 
horizontal loading length, but it also neglects the inertial force of fluctuating wind. The “Load code” is reflected by the 
wind fluttering coefficient. Its value has a relationship with terrain roughness, structure height, width dimension, the 
first mode shape of structure and frequency, which has a more comprehensive consideration. 
3. pararmeters Analysis and Comparison 
In order to examine the difference of the three Codes when calculating the transverse direction wind load of long 
span girder bridges with high pier, select the high pier cantilever girder as an example showed in Figure 1 to carry out 
analysis and comparison. The pier and girder are constant section. The basic wind speed is 30m/s. When calculating, the 
transverse direction first-order frequency required by “Load code” is taken as 20, 10, 5, 2.5, 1.5, 1.0, 0.6, .4, 0.3, 0.25, 
0.2, 0.15, 0.1 Hz at a pier height of 10, 15, 20, 30, 40, 50, 60, 70, 80, 90, 100, 150, 200m. For the convenience to 
compare, the results obtained by the three Codes all gives in the form of structure wind pressure, which is multiplied by 
the resistance coefficient (or shape coefficient) and frontal area to obtain wind power (resistance coefficient or shape 
coefficient are related to the structure, shape and dimension. The three Codes are substantially the same but different 
forms. In the practice of bridge engineering, they are usually measured by wind tunnel trial). 
325Ye Zheng-wei et al. / Procedia Environmental Sciences 11 (2011) 322 – 327
Author name / Procedia Environmental Sciences 00 (2011) 000–000 
3.1. Comparison of wind load acting on the main girder 
Variation of wind loads predicated by three codes with bridge girder length and pier height is directly given in 
Figure 2, which terrain roughness of bridge site is B, the pier height varies from 10 to 200m, the girder length varies 
from 20 to 300m. Wind loads of different terrain roughness and girder length of bridge with pier height of 200m are 
shown in Figure 3. In which H is the pier height, L is the girder length, A, B, C, D are the corresponding terrain 
roughness. 
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Figure 2. Variation of wind loads predicated by three codes with bridge girder length and pier height (terrain roughness B) 
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Figure 3. Variation of wind loads predicated by three codes with bridge girder length and terrain roughness (pier height 200m) 
Figure 2 shows the main girder’s wind load gained by "General code" is the maximum, wind load gained by "Wind-
resistent specification" is second, wind load gained by "Load code" is the minimum. When the length of main girder 
becomes shorter, the results obtained by "General code" and "Wind-resistent specification" are close to each other. With 
the increase of girder length, the difference between them increases. "Wind-resistent specification" and "Load code" 
vary greatly, but the effect of girder length on difference value is not obvious.  
Figure 3 shows comparison of the main girder’s wind load under the condition of different terrain. Just like Figure 2, 
the result obtained by "General code" is the maximum, the results obtained by "Wind-resistent specification" are second, 
the results obtained by "Load code" is the minimum. The result obtained by "General code" has no relationship with the 
length of main girder. While the results of "Wind-resistent specification" and "Load code" decrease with the increasing 
of girder length. 
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Figure 4. variation of pier-bottom moment equivalent wind loads with bridge pier height and terrain roughness 
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3.2. Comparison of wind load acting on the bridge pier 
For wind load acting on the bridge pier, since the wind speed changes along height of pier, so is the wind pressure. 
For the convenience to compare, targeting at the transverse direction bending moment of pier-bottom section which is 
most concerned by design, the equivalent wind load with not changing along the height direction are given (the law of 
shearing force equivalent average wind load is close to bending moment, but its value is smaller, here omitted). The 
equivalent average wind loads of bending moment in pier-bottom section with a pier height of 10 ~ 200m and different 
terrain roughness are shown in Figure 4. 
From the comparision of the pier’s wind loads obtained by the three codes in figure 4, we can find the values 
obtained by "General code" is the maximum, the values obtained by "Wind-resistent specification" are second, the 
values obtained by "Load code" is the minimum. For the terrain roughness B, the results gained by "General code" and 
"Wind-resistent specification" are close to each other. For all terrain roughness, the results gained by "Load code" are 
smaller and of great difference when compared with the former two. 
4. Numerical Example 
In order to carry out contrast calculation, taking a real bridge as example, in addition to the calculations by using 
above three Codes, we also conduct a detailed buffeting frequency domain analysis[8] (this paper regards it as an 
accurate calculation). In the example, the cantilever length of girder bridge is 183m, the pier height is 180m, the section 
of main girder is box section with varying depth, the pier is the rectangular section with varying width in the 
longitudinal direction of bridge, the twin deck bridges sets three tie beams to link to a whole on the pier (Figure 5). The 
basic parameters are as follows: basic wind speed of 27.48m/s, terrain roughness of B, concrete grade of C50, structural 
damping ratio of 0.02, transverse first-order frequency of 0.19 Hz, wind field correlation coefficient of 7, peak factor of 
3.5. The calculation only considers the wind resistance of upstream bridge, the pier’s resistance coefficient is 1.8, 
1.2474 ~ 1.4286 for the main girder. 
  
 
 
 
 
 
 
 
 
 
 
Table 1. Comparison of shear forces and bending moments in the bottom of bridge pier 
Contents 
(4) 
buffeting 
frequency 
domain 
analysis 
(1) General code (2) Wind-resistent specification (3) Load code 
Results Compare with (4) Results
Compare 
with (4) Results 
Compare 
with (4) 
Shear 
force 
(kN) 
Girder 2405 1900 -21.0% 1740 -27.7% 1272 -47.1% 
Pier 7177 6452 -10.1% 6309 -12.1% 4569 -36.3% 
Sum 9582 8352 -12.8% 8049 -16.0% 5841 -39.0% 
Bending 
moment 
(kN.m) 
Girder 447430 349515 -21.9% 320137 -28.4% 233921 -47.7% 
Pier 760944 626306 -17.7% 618985 -18.7% 476629 -37.4% 
Sum 1208374 975821 -19.2% 939122 -22.3% 710550 -41.2% 
Table 1 lists the overall transverse shearing force and bending moment in the pier-bottom obtained by four methods. 
It can be seen from the table, the results obtained by the three codes are smaller than the accurate results. As for the 
results of codes, the results gained by "General code" are the largest, which is less by 10.1%~21.9% compared with 
accurate results. The results gained by "Wind-resistent specification" are second, less by 12.1%~28.4%. The results 
gained by “Load code” are the minimum, less by 36.3%~47.7%. The reason for this was mainly that wind load formula 
in "General code" and "Wind-resistent specification" doesn’t consider the inertia force of fluctuating wind. In the 
calculation example, because high pier, large span bridge has a low fundamental frequency, the inertia force of 
fluctuating wind can’t be ignored. Although the formula in the "Load code" considers inertia force, the calculation of 
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wind vibration coefficient depends mainly on experience parameters of architectural construction with a large 
dimension, whose applicability to bridge structure is worth to discuss. 
5. Conclusions 
1) The calculation formulas about wind load in the current three Chinese codes are the same. They may be different 
in the parameter expression. The "General code" is the rough. "Wind-resistent specification" is relatively elaborate. 
"Load code" is the more elaborate. 
2) Calculation analysis results shows that the wind load results obtained by "General code" is the maximum, 
followed results obtained by "Wind-resistent specification", the results obtained by "Load code" is the minimum. 
3) In the "Load code", the calculation of wind load depends on experience parameters of architectural construction 
with a large dimension, whose applicability to bridge structure is worth to discuss. 
4) Because long span bridge with high pier has a low fundamental frequency, the inertia force of fluctuating wind 
can’t be ignored. The wind load results calculated by the current codes are usually smaller, it is necessary to determine 
the wind load internal forces through a detailed buffeting analysis. 
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